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(54) Title: 

NANOPOSmONER 

(54) HasBaHue H3o6peTeHHfl: HAHOMETPHHECKOE n03HI^OHHPYIOLL(EE YCTPOflCTBO 

(57) Abstract: The invention relates to 
accurate positioning devices which make it 
possible to displace an object ; within a 
nanometric range. The inventive device 
comprises a fixed base element (BE) provided 
with accurate and rough positioning steps 
which are arranged thereon in such a way that 
they are reciprocatingly movable. The rough 
positioning step is cinematically connected to 
the BE and to the accurate positioning step in 
such a way that they are synchronously 
movable with respect to the BE. The kinetic 
connection of said steps is embodied in such a 
way that the accurate positioning step is 
autonomously movable with respect to the 
rough positioning step. Said steps are disposed 
in such a way that they are autonomously 
movable with respect to the BE and with 
respect to each other along two reference axes. 
The rough positioning step is embodied in a 
form of a rigid supporting plate, the accurate 
positioning step being embodied in the form of 
a rectangular frame which is rigidly fixed to 
said plate. A mobile mounting . element is 
arranged inside said frame in such a way that it 
is movable and/or fixable in a specified 
position by means of nanometric positioning 
elements which are arranged on each side of 
the frame. 
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(57)Pe(|)epaT: H3o6pereHHe othochtch x o6jiacro npemoHOHHux no3HUHOHHpyiomHX ycTpoiicTB, 
o6ecneHHBaK>umx AHana30H nepeMemeHHH o(yb.eicxa b naHOMeipoBOM AHana30He. YcTpoiicTBo 
coAep>KHT HenoABHHCHHH 6a30BHft 3JieMeHT (B3), Ha KOTopoM ycraHOBJiemj c bo3M(hkhoctbk> 
B03BpaTHO-nocrynaTejibHoro nepeMemeHHH cryneim rpy6oro h TOHHoro no3HUHOHHpoBaHHH 
o6i»eKra. OiyneHB rpy6oro no3HUHOHHpoBaHHH KHHeMaraHecKH cBjoaHa cB3h ciyneHtio 
TOHHoro no3HUHOHHpoBaHHH c B03MOHCHOCTBK) oGecneHemw cnHxpoHHoro nepeMemerow o6enx 
CTyneHefi OTHOCHrejiLHO B3. KHHeMaTHHecieaH cbh3b ynoMHHynjx cryneHen ocymecTBJieHa c 
B03M02eHOCTbio aBTOHOMHoro nepeMemeHHH noABracHoro 3JieMeHTa ciyneHH TOHHoro 
no3HUHOHHpoBaHHa OTHocHxejitHO CTyneHH rpy6oro no3HUHOHnpoBaHiia. IIpH 3tom cnyneHH 
ycraHOBneHM c bo3momchoctlio ynoMflHyroro nepeMemeHHH othochtcjibho B3 h othochtcjibho 
Apyr Apyra no js^yu ochm icoopAHHaT. GryneHb rpy6oro no3nqHOHHpoBaHHH BtmoJiHeHa b bha© 
Hcecntofi onopHOH nmrra, a cnyneHt TOHHoro ncraimHOHHpoB shhh - b BHAe acecnco 
3aKpeiuieHHOH Ha ynoMHHyToii onopHOH njime npHMoyroJibHoft paMKH. BHyrpH paMKH 
pacnonoaceH hoabhhchbih ycraHOBOHHHfi 3JieMeHT, kotophh HMeex bo3mohchoctb nepeMemeHHH 
h/hjih ^HKcai^HH b 3aAaHHOM nojioxceHHH nocpeACTBOM no3ramoHHpyiomHX aneMeHTOB 
HaHOM eTpHMecKoro AHana30Ha, ycTaHoaneHHbix Ha KcDkaoh cropoHe paMKH. 



//prts 10/520966 

/ Qjtf Rec'd PCT/PTO \ 0 JAN 2005 
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HAHOMETPHHECKOE n03HnpOHHPyiOID[EE 
YCTPOHCTBO 



OSjiaCTB TeXHHKH 

5 H3o6pereHHe othochtch k o6jiacra ManmHocrpoeHiui, a hmchho k 

Upeipi3HOHHBIM n03HI(HOHZpyK)IDJiM CpSflCEBaM, H MOECeT StTTB IHHpOKO 

HcnojiB30BaHO, HanpHMep, b npenHQHOHHBix cramcax, bbicokotohhbdc 
KOirapyiOLDoax ycrpoficTBax, a TaiOKe b ^OTOJraTorpa^iwecKHX KOMiuieKcax 
pjm 3JieicrpoHHOH npoMBmuieHHOcra h hhmx o6jiacxax Texmoai, 
10 npeHMymecTBeHHO, fljia oSecneneHna AHCKpeTHOcm (inara) 

n03HHHOHHpOBaHHH O&beKTa B HaHOMeipOBOM £Haiia30He UpH B03M03KH0CTH 

oSecneneHHH oSnjero nepeMemeHHa sroro o&Beicra (oxHocirreji&HO 6a30BOH 
chctcmbi KOOpAHHar) Ha 6a3e (b miaHe), no Mem>meH Mepe, 160x160 mm 2 . 

i 5 IIpeflniecTByiomHH ypoBeHb tcxhhkh 

B Hacro)nn;ee BpeMK cymecrByior pa3JiEHHoro po^a 
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MHKpono3HipiOHHpyK)ii]jie ycipoHcraa, b ochobhom, ocHOBaHHHe Ha 

HCnOJIKBOBBHHH Iipei?H3HOHHBIX JMHCHHBIX flBHTaTeJiefi (pa3pa60TKH ^HpM 

ASM Lithography, Canon, Nikon, EfoaHap) hjih ni>e30KepaMEraecKHX 
aicnoaTopoB (pa3pa6oncH 4>npM Burleigh, Toshiba, Physik Instalment©). 
5 MHKpono3HHjiOHepBi nepBofi ipynrmi no3BOJBnoT ^ocTHTHyrb 

KOHTpOJIHpyeMOH TOHHOCTH nO30LpiOHHpOBaHH9 35 HM, a 

MHKpono3HUHOHepBi BTopofl rpynnti - 10 hm. K co>KajiCHino, b o6eHX rpynnax 
ycrpoHCTB npaicrmecKH ^ocrarayra npeflenBHaa tohhoctl no3HUfiOHHp qbwhx, 
hto orpaHHTOBaer flajiBHefinniH nporpecc b pa3BHTHH Minq)03JieKrpoHHKH, 

10 OI1THKH, TOHHOH MexaHHKH, IipeUH3HOHHOrO MaiHHHOCTpOeHHH, MHKpO-, 

poSoTOTexHOJioraH h t. KpoMe xoro, flajiBHeimiee noBLnnemie tohhocth 
nte30KepaMOTecKHX no3HnjaoHepoB Tpe6yer pa#HKajn>Horo yjiynineHHH 
ypoBHa CTaSHJiroaiiHH Hcnojn>3yeMoro bbicokoto HarqwDKeinia: mrraHHH h 
ycxpaHeHHH MHKpOAe^eicroB b ra>e30KepaMHKe, nonynaeMofi cneKaHHeM. 
is HaKOHei^;[pana3qHne^^^ 

p^me cnynaeB 0Ka3tiBaKyrcH 3aMerao mme Tex ipeSosaHHH, Koropsie 

B03HHK3I0T B T3KHX 6BICTpO pa3BHBaK>mjIXCH OTpaCJIHX K3K MOJI6KyjiapHa3I 

6HOJioraa, MHKpoajieKTpoffinca, orrrmca h, kohchho, npenH3HOHHoe 
craHKOCTpoeHne. 
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Kb ypOBHH tcxhhkh EBBedeH MaraHTOMexaHHHecKHH npeo6pa30BaTCJiB 
(HaHOMeTpnqecKHH bhht, c^opMHpoBaHHBm Ha ochobc 
MaraHTocTpmoiHOHHoro npeo6pa30BaTCJia), BKjnonaioinHH Kopnyc h cryneHB 
TOHHoro no3HDpaoHHpoBaHH5i, coflepmaujyio ycraHOBjieHHLiH c bo3M03khoct&k) 
B03BpaTHonocrynaTejn>Horo nepeMenjemiH oraocnrejiBHO Kopnyca 
HcnojimrrejibHBiH aneMem, no MeH&nien Mepe, nacrb KOToporo BwnojnieHa m 
MaiwrocTpHKiiHOHHoro MarepHajia, h hctohhhk MaramHoro nojia, 
BtraojmeHHBiH b Bja^e, no MeHbrnen Mepe, oflHoro nocroHHHoro Mamma, 
ycxaHOBJieHHoro b 30He toh, no MeHtnien Mepe 5 oahoh nacm 
HcnojnnrrejiBHoro aJieMema, KOTopaa BBmojnieHa m MarHmocrpmaijiOHHoro 
Marepnana, c bq3m03khoct&k> nepeMememui amocnrenBHO nocjieflHen 
(RU2075797, 1997r.). 

OCHOBHBIM HeflOCTaTKOM flaHHOro H3BeCTHOIX) H3 ypOBHS TCXHHKH 

HaHOMerpHqecKoro ycipoHCTBa flna no3HujioHHpOBaHHH nepeMemaeMoro 
o&Beicra ^bjikctch orpaHOTeHHBm #Hana30H nepeMero;eHHH ynoMaHyToro 
oSteicra c toh ; tohhoctbio nepeMenjemifl (AHCKperaocTBio niara 
nepeMen^eHHH), Kpropyio no3BOJwer o6ecneHHT& BtnneyKa3aHHoe, 

H3BeCTH0e H3 ypOBHH TCXHHKH ydpOHCTBO. 
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HanGoJiee 6jih3Khm no oiHomeHmo k 3a^BJieHHOMy TexmraecKOMy 
pemeHHK) aBJiaerca H3Becmoe H3 ypoBHH tcxhhkh HaHOMeipHHecKoe 
no3HupoHnpyioiii;ee ycipoHCTBO, BKjnonaiomee HenoflBHmHHH 6a30BHH 

3JieMeHT Ha KOTOpOM yCXaHOBJieHH C B03M03KHOCTBK) B03BpaTHO- 

5 nooiynaTeJiBHoro nepeMememra OTHOcmeJiBHO 6a30Boro ajieMeirra h o#Ha 

OTHOCHTCJIBHO flpyTOH CTyiieHH rpy6orO H TOHHOTO nO3HIJH0HHpOBaHHH 

o6Beiera, npH 3tom ciyneHB rpy6oro no3HijHOHHpoBaHH£ 

KHHeMaTOTeCKH CBK3aHa C 6a30BBIM SJieMeHTOM H CTyneHBK) TOHHOrO 
II03HUHOHHpOBaHH3 C B03M03KH0CTBK) o6ecneHeHHH CHHXpOHHOIX) 

io nepeMememw o6enx cryneHen oraocnreJiBHO 6a30Boro ajieMenra b npoupcce 
ipySoro no3HipioHHpoBaHHa o6i>eKra, a KHHeMa-nraecieaa cbji3B 
ynoMaHynox cryneHen Me^ay co6oh ocymeciBJieHa c bo3mo>khoctbio 
aBTOHOMHoro nepeMemeHHa noffBHDKHoro sjieMenra cxynemi tohhoixd 

n03HIIHOm^OBaHHH OTHOCHTeJIBHO CTyneHH ipy60IX) n03HipiOHHpOBaHHfl H, 

15 cooTBeTCTBeHHO, 6a30Boro ajieMeirra b npoijecce TOHHoro 
no3HiijiOHHpoBaHHa oSBeicra (RU20163 U, 2001r.) 

Ochobhbm HeAocTaiKOM flaHHoro H3BeCTHOrO H3 ypOBHH TCXHHKH 
HaHOMeipHqecKon) ycTpoiicTBa ana no3HDpoHHpoBaHHfl nepeMemaeMoro 
o6Beicra sBnaerca orpaffiraeHHBiH flHana30H nepeMememiH ynoMEHyToro 
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06'beKTa c toh tohhoctbio nepeMememifl (^CKperHOCTBio niara 
nepeMemeHHK), KOTOpyio no3BOJifler o6ecneHHTB BBmieyKa3aHHoe, 
H3BeCTHOe H3 ypOBHff TeXHHKH ycxpoHCTBO. KpoMe Toro 5 AaHHoe H3BecrHoe m 
ypoBHa TexHHKH ycrpoHCTBO o6jia#aer orpaHmeHHtiMH 3KciuiyaTaupoHH&rMH 

5 B03M03KHOCTHMH BBHfly TOR), HTO o6ecneHHBaeT IIO3HUHOHHp0BaHHe 

oGfceiera JiHnn> no o#hoh H3 ocea KoopipmaT, a Taicace He coflepaarr 
cooxBercTByiomHX KompojiBHo-H3MepirrejiBHbix cpe^cTB cooTBeTCTByiomeH 
tohhocth H3MepeHHtf b 3a^aHHOM flHana30He nepeMemeima oSteiera. 

10 PaCKpBITHe H306peTeHEUI 

B ocHOBy 3aOTJieHHoro H3o6peTeHHH 6tuia nonoKeHa 3aflaHa 
cosAaHHa TaKoro yciponcTBa flna no3in#ioHHpOBaHHa nepeMenjaeMoro 
oS^eicra oTHOcirrejiBHO 6a30B0H chctcmbi Koop^pmaT, KOTOpoe 
15 o6ecneHHBano 6bi (npn nepeMememm ynoMrayroro o6i>eKra Ha 3aAaHnoe 
/He MeHee 160 mm/ paccToamie) B03MoacHOcn> no3Hi#ioHHpoBaHHH 3Toro 
06'beKTa c HaHOMeTpiraecKOH tohhoctbio no .npyM KoopffHHaTaM, to ecxB 
oGecneHHBano 6bi mar (nacKperHOCTB) no3HDjiOHHpOBaHH5i 
nepeMemaeMoro oSteicra Ha 3a#aHHoe paccnmnie (oiHOCHTejibHO 6a3OB0H 
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CHCTCMBI KOOp,njIHaT) B HaHOMCTpOBOM flHana30He, HTO B 3HaHHTeJIBHOH 

creneHH noBBnnaeT flocTOBepHocrs pe3yjiBTaTOB n3BecraBix m ypoBHa 

TeXHHKH MCTOAOB H CpeflCTB H3MepCHHK IipH KOHTpOJIBHMX 3aMepax 

nojioacemiH, nepeMemaeMoro (no#BHECHoro) o6i>eKTa HCCJie#oBaHHH, a 
5 TaioKe pacnmpaer SKcnjiyaTaujiOHHBie bo3mo3khocth ycrpoHciBa. 

IIocTaBJieHHaH 3a,n;aHa oGecneHHBaerca tcm, hto b HaHOMerpiraecKOM 
no3mjpoHnpyioni;eM yciponcTBe, coflepacanjeM Heno^iDKHHH 6a30BtiH 

3JieMeHT, Ha KOTOpOM ycraHOBJieHa C B03M03KHOCTBIO B03BpaTHO- 

nocTynarenBHoro n^peMememra OTHOcirrejiBHO 6a30Boro ajieMeirra ciyneHB 
10 rpy6oro no3in^OHHpoBaHHfl, Ha nocjie,npeii ycraHOBJieHa c bo3mo3khoctbio 
B03BpaTHO-nocrynaTejibHoro nepeMemeHHa othochtcjibho cryneHH rpySoro 

n03HI^HOHHpOBaHHfl CTyiieHB TOHHOID n03HipiOHHpOBaHHH C yCTaHOBOHHBIM 

3JieMeirroM 5 ciyneHB rpy6oro no3HUHOHHpoBaHHa KHHeManraecKK CB5i3aHa c 

6a30BLIM 3JI6MCHTOM H CiyneHBK) TOHHOrO n03ED5HOHHpOBaHZa c 

15 bo3Mokhoctek) oSecne^eHHH nepeMemeroia oSenx cryneHeH othochtcjilho 
6a30Boro ajieMenra, a KHHeMaTHqecKaa cbh3B ynoMEHynax ciyneHeii 

n03HIIHOHHpOBaHHH U&Kffy Co6ofi OCymeCTBJieHa C B03MCWKHOCTBK) 

aBTOHOMHoro nepeMemeHra ycTaHOBOHHoro aneMeHra cTynemi tohhoix) 

nO3HUJI0HHp0BaHK5I OTHOCHTeJILHO CiyneHH rpySoiX) II03HHHOHHpOBaHHH H, 
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CQoraercTBeHHO, 6a30Boro ajieMenra, npa stom cnyneHH rpy6oro h tohhoto 
nosmifiOHHpoBaHHa yciaHOBJieHti c B03MOHHOCTBK) ynoMHHyrorr) nepeMememia 
no flpyM ochm KOop^HHaTj cryneHB rpySoro no3mijHOHHpoBaHHa BHnojmeHa b 
BH^e ^cecTKOH onopHofi idihtm, Ha KOTOpoft ^ceciKO 3aKpenneHa 
5 npiDMoyrojiBHaa paMKa, BHyipH KOTopofi pacnojioaceH ycraHOBOHHLiH sjieMem 
cnyneHH tothoi*) no3HHHOHnpoBaHHa 3 HMeiomero bo3Mokhoctb nepeMememci 
h ^mccai^HH b 3aflaHHOM nojioaceHHH nocpe^ciBOM nonapHO ycxaHOBJieHHbix Ha 

CTOpOHe IIpWOyTOJIBHOH paMKH CTyneHH ipy6orO n03HHHOHHpOBaHEW 

no3HijjioHHpyioii]px 3JieMeHT0B HaHOMerpOTecKoro .zpianasoHa, npiraeM 
10 cryneHB rpy6oro no3mpiOHHpoBaHHfl BBmojmeHa o6ecneHHBaioin;eH 3a#aHHoe 
nepeMemeime c noj^eniHOCTJiMH mchbhihmh, neM flnana30H nepeMememiH 
ciyneHH tothoix) no3HiipoHnpoBaHra no Ka^oft H3 ppyx ynoM^myrtix ocen 
KoopflHHax. 

OirrmianBHO no3HnpoHHpyioiDfie ajieMenrbi cryneHH tohhoto 

15 n03HHHOHHpOBaHHH BBmOJniflTB B BH^e ManmTOCTpHKIlHOHHBIX 

npeo6pa30BaTejieii 5 cpeflciBa co3flaHHfl n H3MeHeHna napaMexpos 
MaraHTHoro nonH KOTOpBix (b 30He pacnoJioflceHHJi MarwiocrpHKipioHHoro 
Maxepnajia) bbdiojihchbi b bh#c hoctoothbix ManmroB. Bcbmchkho TaioKe 
BtinoJiHeHHC cpeflcra co3flaHH^ n H3MeHeHHH napaMerpoB Mannrmoro nojia 
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b BHfle KaiyineK. 

KHHeManwecKa^ cbjbb cryneHH rpyGoro no3HHHOHHpoBaHHa c 
6a30BBiM 3JieMeHT0M MO^cer Sbitb BBraonHeHa b Bime, no MeHBiueH Mepe, 
jspyx npeE(H3HOHHBix jnmeifflBix .HBurarejieH, pacnojioaceHHtix Ha 6a30BOM 
3JieMeirre c bo3mo)khoctbio nepeMemeHHH acecTKOH onopHofi iuihtbi cryneHH 
rpySoro nc«HujioHHpoBaHHfl b^ojib cooTBercrByioiliHX oceft KoopflHHar. 

HaHOMexpmecKoe no3Hipiomipyiom;ee ycrpoHCTBo mokct 6bitb 
CHafxaceHO cpeflCTBaMH, o5ecneHHBaiomHMH nepeMemeime Heecneoii onopHOH 
iuihtbi CTyneHH rpySoro no3HipiOHHpoBaHHH Ha B03flynraofi no^tynnce. 

Ba30BtiH 3JieMeirr Moacer 6bitb cHaSaceH cpeflCTBaMH (jmKcaujiH 
cryneHH rpyGoro no3HUHOHEpoBaHHa, BBinojiHeHHBiMH b BH^e chctcmbi 
saicyyMHoro npncoca. . 

HaHOMerpHqecKoe no3HHHOHHpyiomee ycrpoficTBO TatoKe MO^er 6bitb 
CHa6>KeHo roMepHrexiBHOH . cHcreMofi .KOHTpona nojioaceHHH 
no3miHOHHpyeMoro oGBeicra, BBononaiomeH, no MeHtniefi Mepe, rpn 

KOHTpOJIBHO-H3MepHTejIBHBDC CpeftCTBa C TOHHOCTBK) H3MepeHHfl He HHKe 
TOHHOCTH n03HUHOHHpOB ynOM5fflyTBIX n03ffll#OHHpyK)IflpX 3JieMeHT0B 

HaHOMerpHnecKoro flHana30Ha cryneHH tohhofo ho3hujiohhp oBaHHa, npn 3tom 
o#ho H3 ynoManyrBix K3MepmenBHBix cpe#crB pa3Mem,eH0 c bo3mo2khoctbk> 
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ocymecTBJieHHH HHHCHHoro KOHTpoJia iiojio5kchhh no3mjpomipyeMoro 
o6*beicra no o#hoh H3 oceii KoopflHHar, a ocrajmHue - c bo3mo^chocte>io 
ocymecTBJieHHH JiHHe&io-nojKqpHoro KOHipojra, oraocarejibHO Apyrofi 
oproroHajitHOH BbimeynoMHHyTOH och Koopajmar b iijiockocth 6a30Boro 
3JieMema. 

HaHOMerpmecKoe no3mijiOHHpyiomee ycrpoHcrao Moaeer Sbitb 
CHa6aceH0 h chctcmoh ynpaBnemia no3HipioHHpyK>njHMH sjieMeHxaMH, 
oSecneHHBaiomHMH nepeMememie ycxaHOBOHHoro aJieMema cnynemi tohhoto 

n03HUHOHHpOBaHHH Ha 3aflaHHOe paCCTOHHHe, CBH3aHHOH C H3MepHTeJIBHOH 

chctcmoh Kompojia nono^ceHHa no3HiiHOHHpyeMoro o5i>eicra. 

IJejiecoo6pa3HO KompojitHO-H3MepirrejiBHi>ie cpe^cTBa 

H3MepHTCJIBHOH CHCTCMBI KOHTpOJBI nOJIO}KeHHfl 06'BeKTa BBHIOJIHHTB B BH^e 

na3epra>ix rerepoflHHHLix HHTep^epoMeTpoB h/hjih cmkocthbix aaraneoB 
AeBHauHH nono>KeHiia CTyneHefi OTHocHTejiLHO iijiockocth 6a30Boro 
3JieMeina. 

BapHaHTti ocymecTBJieHHH H3o6peTeHira 
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H3o6pereHne HJimocrpHpyeTCH rpa^HHecKHMH MarepnajiaMH. 
Ha 4>ht.1 - noKa3aHa cxeMa HaHOMerpmecKoro no3HUjiOHHpyiomero 
ycTpOHCTBa (b miaHe). 

Ha 4rar.2 - ceneHHe A-A no (SpnrA 
5 HaHOMeipHHecKoe no3imHOHHpyiomee ycipoHCTBO coAepacirr 

HenOflBIDKHBIH 6a30BBIH 3JICMCHT 1 , Ha KOTOpOM yCTSHOBJieHBI C 

B03M03KHOCTBK) B03BpaTHO-nocryiiaTejDE>Horo nepeMememui (othochtcjibho 
6a30Boro 3JieMeirra 1 h offHa oTHocirreJiBHO flpyroii) crynemi 2 h 3, 
cooxBeTCTBeHHo, rpy6oro h TOHHoro no3injHOHHpoBaHHfl o6teKTa 4. 
10 CiyneHL 2 rpy6oro no3HipioHHpoBaHHH KHHeMauraecKH cB^aHa c 6a30BLiM 

3JICM6HTOM 1 H CTyiieHBK) 3 TOHHOIK) n03HnjiOHHpOBaHHH C BO3MC0KHOCTBK) 

oSecneneHHH CHHxpoHHoro nepeMenjeHHa o6eHX cryneHefi 2 h 3 
OTHOCHxejiBHO 6a30Boro ajieMeirra 1 (b npoijecce rpySoro 
no3HUHOHHpoBaHHa o6teKxa 4). KHHeMamqecKaji cbjkb ynoMrayrbix 
15 ciyneHeft 2 h 3 Me^ny co6oii ocynjeciBjieHa c bo3MO)khoctbio aBTOHOMHoro 
nepeMemeHHa noflBiDKHoro ycraHOBOHHoro 3JieMeirra 5 
(npe^HasHaHeHHoro pa3MememiH no3H^OHHpyeMoro oGBeicra 4) 
cTyneHH 3 tohhoito no3HOHOHHpoBaHKH OTHOCHTejiBHO cnyneHH 2 rpy6oro 
no3HEpaoHnpoBaHHa h, cooTBCTCTBCHHO, 6a30Bor6 aneMeirra 1 (b npoijecce 



WO 2004/007144 



• 



•CT/RU2003/000291 



11 



Tcrcraoro no3Hn;HOHHpoBaHHH oS'seiera 4). Oryneim 2 h 3, coorBerciBeHHO, 

ipy6orO H TOTHOIX) n03HUJIOHHpOBaHHH yCXaHOBJieHU C B03MO)KHOCTbIO 

B03BpaTHonocTynaTejn>Horo nepeMemeiraa OTHocirrejn>HO 6a30Boro 3JieMeHra 
1 h o^pa OTHOcErrenLHo .apyrofi no ffsyM oqsm «X» h «Y» KOopflHHar. 
OiyneHB 2 rpy6oro no3HipioHHpoBaHH)i BBinojmeHa b BHfle ^cecTKOH 

OnOpHOH nJIHTBI, KHHeMaTHHeCKa^ CB5I3B KOTOpOH C 6a30BBIM 3JieMeHT0M 

1 ocymecTBJieHa nocpeflCTBOM, no MeHBmefi Mepe, ^Byx jnmefiHBix 
ABHraTejiefi (Ha nepTeacax ycnoBHO He noica3aHHBix), KOTopBie 
pacnono^ceHBi c bo3Mo>khoctbio nepeMemeHHa onopHOH iuihtbi b^ojib 
cooTBeTCTByiomHX ocefi KOop f ipfflaT, ^aHHoe nepeivremeHHe (T.e. 
nepeMempmie onopHoft idihtbi b npoi^ecce rpy6oro no3Hi9iOHnpoBaHHH 
oG'BeKra 4) ocymecTBJweTCH Ha B03,qyniHOH noj^ynnce. Ea30BBi8 sneuem 1 
Mo^ceT 6bitb cHaS^ceH cpeflCTBaMH ^mccanjin CTynemi rpy6oro 
no3Hi5iOHiipoBaHHH (nocjie 3aBepmeHHfl npouecca rpy6oro 
no3mmoHHpoBaHEw) 5 KOTopBie, KaK npaBHJio, BBmojraeHBi b BH^e chctcmbi 
BaKyyMHoro npncoca. 

OryneHB 3 tohhoto no3HipioHHpoBaHHfl BBinonHeHa b BH^e ^ceciKO 
3aKpenjieHHoii Ha ynoMHHyroH onopHofi nmrre np^MoyrojiBHOH paMKH 

6, BHyipH KOTOpOH yCTaHOBJieH nOflBlEKHBIH yCTaHOBOHHHH 3JICMCHT 
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5. ycraHOBOHBHH 3JieMeHT 5 nepeMemaeroi h <J)HKCHpyeTC* b 3a,o;aHHOM 
nojio^ceHHH nocpe^cTBOM nonapHO ycraHOBJieHHtix Ha KaagopH cTopoHe 
npHMoyrojiBHoii paMKH 6 no3^HOHHpyK)iE[HX ajieMeHTOB 7, 8, 9, 10, 11, 
12, 13, 14 HaHOMeipEwecKoro AHana30Ha nepeMemeHEM. KpoMe Toro, 
ycrpoHCTBO CHaSaceHo H3MepHTejn>HOH chctcmoh kohtpojih nojioacemui 
oS^eicra 4, BKJnonaiomeH, no MeHBmen Mepe, Tpn H3MepirrejiLHHX cpeflCTBa 

15, 16, 17 C TOHHOCTBK) H3MepeHHfl He HEWCe TOHHOCTH n03HIJHOHHpOBaHHa 

ynoMHHyTBix no3HUHoraipyioiU5ix sjicmchtob 7, 8, 9, 10, 11, 12, 13, 14 

CiyneHH 3 TOHHOrO n03HHHOHHpOB3HHS. IlpH 3T0M OflHO H3MCpHTCJILHOe 

cpeflciBO 15 pa3MemeHO c bo3MO^choctbio ocymecTBJieHna KOHTpona 
nojioEcemia ofoeicra 4 no oahoh H3 ocen (b nacTHOCTH «X») KOopojniaT, a 
ocTajiBHue 16 h 17 - no flpyron och (b HacrHocra «Y») Koop^HHar. 

IIo3HHHOHHpyionuie ajieMeHTti 7, 8, 9, 10, 11, 12, 13, 14 cryneira 3 

TOTHOrO n03HHJ10HHpOBaHHH MOiyT 6BITB BBIHOJIHeHLI pa3JIH4H0r0 Tfflia, HO, 

npeHMymecTBeHHO, b BHfle ManfflTocTpHKipioHHBix (ManfflTOMexamwecKHx) 
npeo6pa30Baxejiefi[, cpe^cxBa co3jjaHHH h ebmchchhji MaraHTHoro nojia 

KOTOpfcDC BBHIOJIHeHBI B BHfle nOCTOJIHHBIX MaTHHTOB. HeoSxOflHMO 

OTMeTHTB, hto oco6eHHOCTLio Hcnojib3yeMLix b 3aaBJieHHOM ycipoficTBe 
MarHHTOcrpHKi^ioHHBix (MarHirroMexaHHHecKHx) npeo6pa30BaTejieg 
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HBjraerca to, hto b KanecrBe cnjioBoro ajieMenra (cpeflCTBa nepeMenjeinifl 
HcnojnmrejiBHoro aJieMeirra) HcnojnsyeTOi crepaceHB m MarepHaria c 
raraHTCKOH MaramocrpHKiijieH (MaraHrocrpincrop), KoropBifi noMemeH b 
MaraHTHoe nojie MarmrraoH chctcmbi, c4>opMHpoBaHHofi hs iioctohhhbix 
5 MaraHTOB. IIpH H3MeHemffl (no BenHHHHe h/hjih HanpaBJieHHio) 
HanpiDKeHHOCTH ManfflTHoro nona Marmrraofi chctcmbi npoHcxoflHT 
H3MeHeHHe jnmeftHBix pa3MepoB MarainocTpHicropa. IIo cpaBHeHmo c 

mHpOKO H3B6CTH&IMH MaraOTOCHpHKIlHOHHBIMH npeo6pa30BaTejiaMH (b 

KOTopsix MaraHTHoe nojie reHepHpyeroi nocpeflcxBOM cojieHOH^a) 
10 HcnojiKOBaHHe b ; KaHecrae HcroHHHKa MaramHoro nojia nocTO^HHBix 
MaraHTOB no3BOJiKer b 3HaTOrejn>HOH Mepe coKpaTHTB 3HepronoTpe6jiemie b 
paccMarpHBaeMOM MarHHTOMexaHKwecKOM npeo6pa30BaTeJie, ycTparorn> ero 
HarpeB, eeobbichtb BpeMeHHyio CTa6HJiBHOCTB nojioaceHHfl 
HcnojmHTejiBHorp 3JieMeirra, bo mhotek cjiynaax o6ohthcb 6e3 HCTOHHrnca 
is ajieicrpoiraTaHHH h 5 KaK cneacTBHe, nojiywrb no3HHHOHHpyiomfie 
ycTpoficTBa co cjieflyronipMz SKcnnyaraiiHoHHBiMH napaMerpaMH: 

- MHHHManLHBra mar nepeMenjeHiBi (no3HrpaomipoBaHHa) - 0,01 hm; 

- ,zpiaiia30H nepeMememm - ao 1000 mm; 
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- flHHaMHHeCKHH flHana30H - 10 ; 



- ycHJnie Ha HcnoJiHHTejiLHOM opraHe npn ero nepeMememiH 




- noTpeSjiaeMaa npn pa6ore npHBo^a moiijhoctb - pp 5 Bt; 

-oTcyrciBHe 3HepronoTpe6jieHHH npn ^HKcaimH nojioaceinifl 
HcnojiHirrejiBHoro aneMeirra. 

KbMepurejiLHBie cpe^cTBa 15, 16, 17 H3MepHTejn>HOH cHcreMBi 
KOHipojia nojioKeHHH oSteKTa 4 MoryT 6bitb BBinojmeHH, 
npeHMymecTBeHHO, b BH#e jia3epH&ix reTep o^hhhbix 
HHTep^epoMeipoB, a Taoce He HcionoHaeTCii bo3mokhoctb 
Hcnojn>30BaHHK b Hen (jyia ycTpaHeHHH npoflOJiBHBix fleBHaipm) 
ycrpoHCTBa eMKOcraoro xraia jjflz H3MepeHna nepeKoca ciyneHH (T.e., 
pa3H0CTH paccTOHHHH kohi^ob onopHoft jiHHeHKH cryneHH ot penepHBix 
noBepxHocrefi). 

Heo6xo#HMo yTOTLmaTB, hto co3,oaHHe H3MepHTejitHOH chctcmli 
KOHTpojiH nojio^KCHHH oG^eKTa 4 (no3BOJi5iK>iiteH oSecneTOTB 

H3MepeHHe KOOpflHHaT CiyneHH 3 TOHHOrO n03HIJHOHHpOBaHHfl B 

AHHaMHHecKOM #Hana30He ~10 8 ). HeoSxoflHMyio tohhoctb H3MepeHHH 

MOKHO nOJiyHHTB JIHEIB C IIOMOIIJBK) Jia3epHBK HHTep^epOMeipHHeCKHX 
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H3MepnreneH nepeMememia. JIa3epin>iH HHTep^epoMerp H3MepeHHfl 
nepeMememiH - 3to jnmeiniaa H3MepHTeji£Haa CHCTeMa pjm a6cojnoTHHx 

H3MepeHHH ^JIHHLI ItyTeM CpaBHeHHfl ee C flJIHHOH BOJIHBI 

cTa6HJiH3HpoBaHHoro no nacToxe na3epa. B caMBix o6mnx nepxax 
npHHunn pa6oTBi Jia3epHoro HHrep^epoMerpa H3MepeHna nepeMemeHHH 
coctoht b tom, hto oflHH H3 ero orpa^arejieii 3aKpeinraeTCH Ha 
nepeMemaeMOM o6^eicre. IIpH ^BiDKeHHH oSBeicra MeraeTCH pa3HocTB 
4>a3 Hirrep^epHpyiomHX nyHKOB, hto npHBOflHT k xapaicrepHOH 
nepHOfliraecKofi mo^jdhph aMiunnyflH cBexoBoro noTOKa Ha BBDco^e 
HHTep^epoMerpa. EtepHOfl Ha6jno#aeMOH HHTep^epeHujioHHOH KapTHHM 
paBeH b tohhocth nonoBHHe AJiHHbi bojihbi H3JiyHeHHH Hcnoin>3yeMoro 
jia3epa. TaKHM, o6pa30M, H3Mepemie nepeMememiff c noMomsio 
HHTep^epOMeipa CBO,ajrrcH k noflCTery upjioro HHCJia npofi^eHHBix 
mrrep^epeimHOHHBix nojioc h onpefleneHmo ,apo6Hofi nacra nopji#Ka. 

TaKHM 06pa30M, CMCTCMa KOHTpOJIH n03HUHOHHpOBaHHH flOJEKHa COCTOOTB 

H3 Asyx H3MepHTcncH nepeMemeHHH. OflHH HSMepHTejEb, paGoxaiomHH 
jih6o no npHHUHny HHrep^epOMerpa 6e3 nepeHOca cneicrpa cnraajia, jih6o 
Kax BBicoKOTOHHaa CTaHflapiHafl H3Mepirrejn>Haa nmieHKa, H3MepKeT 
npjioe hhcjio nop^coB HHrep^epeB^HH. BTopoft HHrep^epoMeTp 
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(rerepo ( ctHHHBiH) H3Mepser apoSHyio nacrt nopwa. 

B 3aHBJieHHOM yCTpOHCTBC (HaHOCTOJie) n03HDfIOHHpOBaHHe 

(nepeMememie) ocymecrajiaerca c noMombio flfiyx cryneHeft - cryneroi 2 
rpy6oro no3imHomrpoBainM h pacnojioKeHHOH Ha Hen cryneHH 3 tothoto 
5 no3HUKOHHpoBaHHa. Oahhm H3 cymecTBeHHBix BonpocoB npH 
nepeMemeHHH yeraHOBOHHoro noflBnacHoro sjieMeirra 5 ciyneHH 3 

TOHHOrO n03HpH0HKp0BaHEW JIBJIfleTCfl BODpOC npOflOJIBHOH RQBUaU&K 3TOH 

cryneHH 3 npH ee ppmKemm baojib Ka^cflOH m ocen Koop#HHaT «X», «Y». 
IIcOTOMy npewictiiaraeTCfl nojioKeHHe cryneHH 3 tothoix) 

10 n03HipiOHHpOBaHHH no nonepeHHBIM IipOCTpaHCTBeHHLIM KOOpflHHaTaM 
KOKipOJIHpOBaTt eMKOCTHHMH flaTHHKaMH C CHCT6M0H o6paTHOH CBH3H C 

OTKJioHeHHeM ot, npHMOjnffleHHOCTH nepeMememui He 6ojiee 50 hm h c 

B0CIIp0H3B0flHM0CTBK) nOJICttKeHHfl - 2,5 HM, a HO npOflOJIBHOH - 

HHTep4>epoMeipifiecKHM H3MepirrejieM .npoSHofi Hacra nop^zuca c 
is tohhoctbk) He xy>Ke, neM 3 hm. ripeflnojiaraeTCH xaioKe, hto Bee ycipoHCTBO 
6yAex pa6oxaT£> jm6o b BaicyyMe, jih6o 6yflex o6ecneneHO 
nocro^HCTBo noica3aTejiH npeJioMJieHH^ axMoc^epti c tohhoctbkd 1 0" . 

9(|)(^eKTHBHBIM MeTOflOM yCTpaHeHHK B03M03KHHX UpOflOJIBHBlX 
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#eBHaujffl ciyneneH 2 h 3 3a^BjieHHoro ycrpoHCTBa HBJiaercx Hcnojn>30BaHHe 
ycrpoficTBa eMKocraoro rana pjm roMepemra nepeKoca cryneHH - pa3Hocra 
paccroflHHH kohu;ob onopHofi jihhchkh cryneHH ot penepHBix 
noBepxHOCTefi. Emkocthlih Merofl raMepemra pa3Hocra paccroJiHHH 
o6ecneHHBaer H3MepeHHe Manbix paccroHHUH c bhcokoh tohhoctbio. 

npeo6pa30BaTejn> «pa3HOcn> paccrojonm - cmkoctb» flojiaceH 
coflepacaib ffBQ ajieicrponpOBOflflmHe noBepxHocra, 3aKpeiuieHHLix Ha 
HenoflBH^cHOH penepHOH noBepxHocra h yflajieHHBix ot 3tok noBepxHocra 
(HanpHMep, c noMomno .zmsjieKTpuHecKofi npoioiaflKH) Ha paccrcwmHe 
nop^HKa 1mm 3 a xaicace onopHyio noBepxHOcrs, innpHHOH h ajihhoh 6ojn>ine 
paccroHHHH Moigay, yKa3aHHHMH Bwnie penepHBiMH TrpoBopfmipMK 
noBepxHocraMH, pacnoncweHHBiMH Ha Bu6paHHOH HanpaBJiHK>njeR 

TaKHM o6pa30M, ^opMHpyerca napa KOHHeHcaropOB, o6pa30BaHHE>ix 
aneKxponpoBOfl^efi noBepxHOCTLio onopHofi JnmeiiKH c oahoh cropoHti h 
penepm>iMH noBepXHOCKMH c ppyroR. ITpmeM, HH^opMaujiOHHBiM 
napaMerpoM wwerrcz paccxoKHHe Me^ny otmh noBepxHocraMH. IIpH nepeKoce 
onopHofi jcHHeikH 3m pacciraHHa HssieHaiaica nopa3HOMy 3 mo rqjdkho 
npHBOfltriB k no^BJieHmo cnraana nepeicoca c yneroM era 3HaK& 
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Han6onee npneMneMBM Mero#OM npeo6pa30BaHna aneicrpOTecKOH 
eMKOCTH b HanpjDKeHHe, Moacer 6htb moctoboh ipaHa^MaiopHBiH Merofl 

HSMepeHIM eMKOCffl C TCCHOH B33HMHO HHflyKmBHOH CB533LK) MdX&y 

mMepHrejitHsiMH njienaMH. B otom cnyqae tohhoctb H3MepeHHH 
5 oSecneHHBaerca cxa6KiiBHOCT&K) K03$4 )H D) aeHTa Tpanc^opMaujiH uexpy 
nneneBbiMH o6MOTKaMiL, a 3TOT napaMeop 3aBHcm tojilko or araonieHHa nncen 

BKIKOB B oGMOTKaX H, QJlOROBSCmibKO, HHK3K He MO^CCT HSMCHPTTbCH 110m BJUMHHeM 
BHemHHX y CJIOBHK. 

HaaSoJiee n,eJiecoo6pa3HtiM pe)KHMOM pa6anj ipaHC^opMaxopHOH 

10 H3MepHTeJlLHOH il@m OTJIHeTCH pe30HaHCHE>IH pe^cHM. E^pH otom: 

- noBbnnaeirai K03^^Hi3jieirr npeo6pa30B3HHa Mocra b Bejnrnmy 
flo6paraocrapa3; 

- yjiyHmaerca ycroiraaBocTb k 3JieKTpOMannrrHLiM noMexaM 3a oner 
nacTOTHOH EoSHpacrejiBHCcrapesoHaHCHoro pe>KHMa 

15 ITpHMeHeHHe pe30H3HCHofi EBMepmejiBHOH ijemi, oSycjioBJiroaeT 

ncnojiB30BaHHe npeo6pa30BaTenff nepeMeHHoro Hai^meima b nocroaHHoe b 
chhxpohhom peECHMe pa6arbi - aMTOimyaHoro cHHxpoHHoro 
4)a30HyBciBKTejn>Horo flereKropa Hpa otom cymecoBeHHO yjiynmaiaica 
MerpojrorwiecKKe xapaicrepHcraKH naviepHrenbHofi EteiiH, npeawe Bcero, 
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jnoieHHOCTE xapaKTepHCTHKH npeo6pa30BaHHH. KpoMe Toro, yjiynmaercji 

yCTOOTHBOCTb K BOSfleHCTBHFO BHemHHX HeGjiaTOIipHHTHBIX (^aKTOpOB, 

HanpHMep, yre^ieK tore no noBepxHOcraM iGOJiaropoB 3a cner noflaBJieHHH 
aicrHBHOH cocraBJiaiomeH npoBOflHMOCTH HMepirienBHOH uterm, a xaicace 
5 noMexoycTOHqHBOcrb. 

PaGonaa nacTOTa reHeparopa, b 3Tom cnynae, noflflepaoaBaeTca 

6jffl3KOH K pe30HaHCHOH HaCTOTe MOCTa C nOMOmBK) CHCTeMBI (^a30BOH 

aBTonoflcipoHKH HacTOTbi, CHrsan oijjh6kh b kotopoh ^opMHpyeroi 3a cner 
HcnojiB30BaHHH (J)a30MaHHnyjiHpoBaHHoro iihjiot - cHraajia 
10 H3MepHTejn>HBiii TpaHC^opMarop KOHcrpyKTHBHO mo)K6t 6bitb 

BBmojmeH b Bime TpaHc^opMaropa c KopoxK03aMKHyTBiM bottom cbjeh, 

HTO 06ecneHHT flOCTaTOHHO BBICOKyK) pa3BH3Ky BXOflHBK H BBDCOflHBIX 

ijeneft MOCTa no npoxoflHon eMKOcra. Pe30HaHcm>m peacHM oSecnenHT 
bbicokhh h nocTOHHHBiH Koa^injHeHT irpeo6pa30BaHHH B 3a#aHHOM 
1 5 AHana30He H3MeHenHH EBMepaeMofi pa3Hocra eMKoereH. 

C u;ejiBK) oSecneneHHH pesonaHCHoro pe^HMa bo Been ^Hana30He 

H3MeHeHHH eMKOCTCH flaT^HKOB H CHH5KCHHH Tpe6oB3HHH K KaqeCTBy 

3aBO^cKOH HacipoiiKH H3MepHTejiLHBiH reHepaxop h moctobm ijent MOiyT 
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6hm> oxBaneHH chctcmoh <|>a30BOH aBTonoflCTpoincH nacTOTBi. 
BHXO£Haa o6MOTKa moctoboh iteira, b ^ehhom cjiynae, 6y#eT Harpy^ceHa 
Ha KmOTeBOH cHHxpoHHBiH flereicrop, hto o6ecneHHT HeoSxoflHMyio 
jiHHeHHOCTb xapaicrepHCTHKH cxeMBi bo BceM ,zpiana30He H3MeHeHHH 
eMKOcrefi flarmncoB h ^ocraTOHHo BLicoicyjo y ctohhhbo ctb k B03fleHCTBHio 
bh6I£ehhx aneKrpoMaraHTHBix noMex. Heo6xoflHMaa KpyTH3Ha 
xapaicrepHCTHKH Tpaicra 6yfler o6ecne t ieHa MacnrraSHpyiomHM 
ycujnrrejieM Ha 6a3e onepaipiOHHoro ycmnrreJiH. Koa^^rapieHT 
MacurraGHpoBaHHa h, cjie#OBaTejn>HO, KpyrH3Ha npeo6pa30Bamifl Moryr 
6htb ycraHOBJieHLi npH HacTpomce cxeMH H3MeHeHHeM 3HaHeHHH 
peiyjrapoBOHHoro pe3Hcropa. 

HoBH3Ha 3aHBH6HHoro TexHHHecKoro peineHiM 3aicjnoHaTCH: 

- B HCnOJIb30BaHHH yHHKaUBHBDC CHJIOBBDC HaHOII03EHJIOHepOB JXJIK 

oGecneneHHH Btixofla tohhoh ciynemi HaHOCTona Ha 3a#aHHLie KoopflfmaTti; 

b HcnojiB30BaHHH bhcokotohhoto reTepoflHHHoro 
HHTep(J)epoMeTpa fljia HaAOKHoro H3Mepemi5i apo6hoh ^acxn nojiocti 
npH onpeAenemm nojioaceHHH tohhoh cTyrtHH HaHocTOJia; 

B HCIIOJII>30BaHHH BBICOKOHyBCTBHTeHBHOrO CMKOCTHOrO flaTIHKa 

nepeMemeHHH ajui ycTpaHemia iipoaojibhbix AeBHaiprii npH nepeMemerom 
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tohhoh crynemi HaHocroJia, hto Moacer 3Ha4HxenBH0 yMeHtnnrrb peanBHoe 

BpeMH TOHHOH K)CTHpOBKH. 

CryneHB 2 rpy6oro no3mjHomipoBaHH5i o&Beicra o6ecneHHBaer 
nepeMememje (ynoMmyToro oGteicra) b ,n;Hana30He 160 mm b iijiockocth 
6a30Boro 3JieMeHTa 1 (no jiioSoh H3 ocefi KoopflHHar «X>> mni «Y») c 

TOHHOCTBEO, IipH6jIH3HTejIbHO, — 3 MKM, T TTO n03BOHHeT n03HHHOHHpOBaTb 

o6teKT 4 c flHHaMHHecKHM flHana30HOM 5 10 4 . CryneHB 1 tohhopo 

H03HIIHOHHpOBaHHfl (a HMeHHO: ee IIOABH^CHWH yCTaHOBOHHBIH 3JICMeHT 5) 

nepeMemaerca b nnocKOcra «X», «Y» Ha 6a3e npH6jnomejn>HO 10 -20 mkm 2 , c 
B03M03KHOCTE.IO oSecnenemiH ^HCKpeTHoro nepeMememia b npe^enax - 0,1 
hm. YKa3aHHM tohhoctb ffHCKperaoro nepeMemeima nqopiDKHoro 
ycraHOBOHHoro arceMema 5 ciyneHH 3 tothoto nosHnpom^poBaHHa o&beiera 4 
oSecneHHBaercH nocpe#CTBOM ^ertipex nap cynepnpeuH3HOHHBix chjiobbix, 
npeHMy^ecTBeHHo, , MaramxDcrpHKUjaoHHBix npuBo^OB (T.e., 
no3m^OHHpyK)Eqjix 3JieMeHTOB 7, 8, 9, 10, 11, 12, 13, 14 HaHOMCTpunccKoro 
«Hana30Ha). 3to o6ecneHHBaer B03Mo>KHoen> pa6oxbi 3aaBneHHoro 
ycrpoHCTBa c flHHaMHqecKHM flHana30HOM 2x1 0 5 . IlpH stom cryneHB 3 

TOHHOIX) n03HUHOHHpOBaHHH oSecneHHBaeT TOHHOCTB nO3HIIJI0HHpOBaHHfl 

ofoeiera 4 (b njiocKOcra 6a30Boro ajieMenra 1) He xyace 5hm no Ka^oH w ocefi 
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(<<X», «y») KOopflKHar. 

Bnojme peaicbHO, mo HcnojnsyeMaji b 3aflBJieHHOM ycrpoHCTBe 
H3Mepinejn>HaH cucreMa Kompona nojioiaceHHfl no3HipaoHHpyeMoro oSteicra 
4 (T.e. cHcreMa kohtpojw /b iuiockocth X - Y/, nojio^ceima ciyneneH 2 h 3 
5 ipySoro h tohhofo /cooraercTBeHHo/ no3HujiOHHpOBaHH5i o6teKra 4), npH 
Hcnojn>30BaHHH AByxKoopflHHaTHoii H3MepirrejiBHOH chctcmm Ha 6a3e 
reiepoflHHHBix jia3epHbix mrrep^epoMeipoB (a TaiOKe panee ynoMHHyx&ix 
eMKocTH&ix flaiHHKOB fleBHaujffl) no3BOJifler npoBO#jrn> H3McpeHne h KompoJib 

IIOII03K6HHS (B IUIOCKOCTH «X», «y») CiyneHH 3 TOHHOID II03HI]HOHHpOBaHIia 

io bo BceM AHana30He H3MeHeHHfl KooporaaT no yica3aHH&iM KoopffHHarabiM ocsm 

C TOHHOCTMO, IipH6jIH3HreJI£HO, 1 HM. 

KaK paHee yKa3BmajiocB 3 b KanecrBe cryneHH 2 rpy6oro 
no3HUHomipoBaHHH o&beiera 4 ncnojiKByerca Eeecrncaa onopHaa iuiHTa, 
nepeMemaiomancH (b npoijecce rpySoro nosimHOHHpoBaHEKi o&beicra 4) 
is oraocmenBHO 6a30Boro MeMeHia 1 Ha «B03^yniHoii no ( nyniKe» (pearai3yeMOH 

jno6l>IMH H3BeCTHBIMH H3 ypOBHfl T6XHHKH yCTpOHCTBaMH) nOCpeflCTBOM, no 

MeHBEiefi Mepe, flByx npcnH3HOHHBix jnraeHHBix ^HraxeneH. Tothoctb 
nepeMemeHHa, o6ecneHHBaeMa£ H3bccthhmh h3 ypoBHa tcxhhkh 
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npeiiH3HOHHBiMH JiHHeHHbiMH ^pHrarejiflMH cocraBJiaeT (Ha 6a3e 
nepeMenjemra 0,1-1 m), npn6jiH3HTejiBHO ~2-3 mkm. IIo ppcTjmQmm 
3a^aHHMx KoopflHHaT cryneHL 2 rpy6oro no3HipiOHHpoBaHHa acecneo 
<j)HKCHpyeTCH Ha onopHofi iuiockocth 6a30Boro aneMeirra 1, HanpHMep, 

5 nOCpCACTBOM J1K)60H H3B6CTHOH H3 ypOBHS TCXHHKH CHCTCMM BaKyyMHOTO 

irpncoca. 

3areM ocy^eciBraerca oKOOTareoiBHaa locrapoBKa (no3HiifiOHHpoBaHHe) 
KHHeMaxmecKK cbh33hhoh co cryneHBK) 2 rpy6oro no3HUHOHHpoBaHna 
(Koropaa /T.e. ciyneHt 21, b flaHHwfi momcht BpeMeHH, Hcecnco 
10 3a<j>HKCHpoBaHa otho chtcjibho 6a30Boro 3JieMeHxa 1) CTyneHH 3 tohhok) 

n03HIIHOHIipOBaHHH O&BCKIci 4, 

KaK paHee yKa3BiBajiocB, cxyneHB 3 TOHHoro. no3HE(HOHHpoBaHHa b 
BBmie ynoMHHyrtra «flaHHBiH momcht bpcmchh» chhxpohho nepeMemanacs 
coBMecrao c KecncoS onopHOH nnmofi cryneHH 2 rpy6oro no3HiiHOHKp OBaHH$i. 
15 ^anee ocymecTBUKeTCH 3a^aHHoe cynepnpeiiH3HOHHoe nepeMenjemie 

no^BH^cHoro ycraHOBOHHoro 3JieMeirra 5 (cryneHH 3 tohhok) 
no3HqHOH^)OBamw) no flsyM Koopz^HamBiM ochm («X»-«y»). ITpn otom 
ynoMaHyroe nepeMenjemje noflBHKHoro ycraHOBOHHoro ajieMenra 5 Bflojm 
jhoSoh H3 ocefi KoopflHHar («X» hjih «Y») ocy^ecrsJiaerCT nocpeflciBOM 
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tojieko tcx flByx nap ncQHU^OHHpyioiiipx 3JieMeinoB (HanpHMep, nap 
3JiCMeHT0B 7, 8 h 9, 10, / cooTBercTBeHHo/, npn nepeMemeHHH ycraHOBOHHoro 
ajieMeHTa 5 b^ojib och «Y»), KOToptie pa3MemeHBi onno3HTHO ojpia 
OTHocmenLHO .qpyroH, npn ycJiOBHH, hto , ocraJiLHtie rbq napti 
no3HHHOHnpyioni3HX 3JieM6HTOB (b flaHHOM cnyrae, napBi 3JieMeinx)B 11, 12h 
13,14) b MOMeirr coBepmemra yicaBaHHoro nepeMemeHHH (T.e. b^ojib och «Y») 

KOHTaiOHO He B3aHMO^eHCTByiOT C ynOMHHyiHM nOflBIDKHBIM yCTaHOBOHHLIM 

3neMeHT0M 5. ITpn nepeMem;eHHH ycxaHOBOHHoro noflsnacHoro 3JieMeirra 5 
BAOJib och «X» BBnneynoMflHyTBie napsi no3HHHOHHpyK>npix sjieMenroB 

(J)yHKipiOHHpyiOT B 06paiH0M (B qaCTH B3aHMOfleHCTBHfl C nO^BIDKHBIM 

ycraHOBOHHBM 3JieMeHroM 5) nopa^Ke. YKasaHHBiH npoijecc peraaMeHrapyercH 
nporpaMMHBiM nyreM c HcnojnsoBaHHeM 3JieKrpoHHO-BBiHHCJimejn>Hi>ix ManmH. 

B cjiynae Hcnojn>30BaHHJi b KanecrBe no3ra^oHHpyK)injix 3JieMem:oB 7, 
8, 9, 10, 11, 12, 13 h 14 MannnocrpHKiXHOHHBix npeo6pa30BaTeaieH 
(HaHono3HHHOHepoB) 3 EBMeneHHe fljnmbi Kaagopro H3 8-mh ynoMaHynax 
npeo6pa30BarejreH ocymecrBJiaerca nocpeflcrBOM roMeHeHHH Hanp^aceHHocra 
MaramHoix) nojia b 30He Kaacfloro Maimrro cTpHKiiHOHHoro sjieMenra 
cooTBercTByK)iij;ero MaranrocrpHKiijioHHoro npeo6pa30BaxejiH. Vb ppyx nap 
no3Hi^ioHHpyK)nipx sjieMeraoB, pa3MemeHHbix onno3HTHo, oflHa, 
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pacnojicoKeHHafl c o#hoh ciopoHH yciaHOBOHHoro ajieMenra 5, mokct 6trn> 
KJnojmeHa b Bn#e npyKHH (BMecro MaramocrpHKUHOHHtix 
npeo6pa30BaTeneH). 

YnpaBJieHHe nponpccoM mu^nmm napaMerpoB Marmrraoro nana (b 

HaCTHOCTH, Hanp^>KeHHOCTH) B 30He KaXflOrO MaTHPHDCTpHKLlpOHHOrO 

3JieMeirra cooTBercTByioD^ero npeoGpasoBaiena KomponHpyeroi nocpe^crBOM 
KOMnnoxepa c 3a^aHHofi nporpaMMofi, KOTOpaa (zpra Rocnmoum 3apaHee 
3a^aHHoro nojiOEceinra: cryneHH 3 tohhoto nosHH^oHHpOBaHHfl) #oiDKHa 
Hcnojn>30Ban> flaHHtie no ee (r.e. ciyneHH 3) KoopflHHaraM, muepxeuhm 
nocpe^cTBOM cneuHajn>HOH mrrep^epoMeTpEraecKOH H3MepHrejn>Hoj& 
chctcmbi KOHipojiH nojioKeHHa no3HujiOHHpyeMoro o6r>eicra 4, KOTopaa, KaK 
paHee yiea3biBajiqcB, ocHOBaira Ha 6a3e, no Mem>rneH Mepe, Tpex 
rerepoflHHHEJX HHTep^epoMer^ oSecne^raBaiomHX H3MepeHne KoopflHHar 

no 06CHM OCflM (<<X», «y») C HeoGxOflHMOH (3aflaHHOH) TOHHOCTEJO. 

TaKHM o6pa30M 5 bbdcoa cryneHH 3 tohhoix) no3HnjioHHpoBaHHH 
3aaBJieHHoro ycrpoHOTBa (raiaqe, HaHOCTona) Ha 3a«aHHLie KoopAHHaTH (b 
raiocKOCTH «X»-«y») ocymecTBJiaeTca aiepyiowm iryreM. 

Ilocjie nepeMem;eHHa ipy6ofi cryneHH b Tpe6yeMoe nojioaceHHe c 
tohhoctbk) ~ 3 mkm, KOHrpojiHpyeMOH c noMOiip>K> flpyx HHrepcjpepoMeipoB no 
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och X h oflHoro no och Y (c ijejitio ycrpaHemifl bo3MO)khbix nepeKOCOB) nmrra 
rpy6oH cryneHH cjDHKCHpyercji Ha onopHOH noBepxHocm 6a30Boro crojia. 
Ilocne 3Toro crpmcropLi, MarmrrHbie chctcmli KaropHX o6ecneHHBaioT 
Heo6xoflHMoe EDMeHemie jioKajiBHBix 3HaHeHHH Hanp^aceHHOcra Marairraoro 
eojm y noBepxHOCTH Ka>K£oro crpmeropa b cootbctctbhh c KOMUbioTepHOH 
npoipaMMOH, Hcnojn>3yK)me2 flamme no KOOpflHHaraM tohhoh crynemi, 
nojiyqeHHbie c noMom&K) ccK>TBeixrmyK)iipK HHTep4)epoMerpnqecKHX 
H3MeperoiH, 3aBepniaioT OKomareomHyio focmpoBKy tothoh ciynemi c 
AHCKperoM ao -0,1 hm b ffHana30He nepeMememiH 10-20 mkm npH 
HenpeptiBHOM Hrnep^epoMerpiraecKOM Kompojie, o6ecneHHBaa tohhoctb 
no3HnnoHHpoBaHna He xy>*ce 5 hm. 

TaKHM o6pa30M, 3aaBJieHHoe no3HipioHHpyK)iE[ee ycrpoficiBO mokct 
6trrb npoMBnujieHHO peanH30BaHO pjix oSecneneHHJi no3mjjiOHHpoBaHH5i 

paSJIH^HBIX 06l>eKT0B C TOHHOCTBK) n03HUJiOHHpOB8HHa (flHCKpeTHOCTBK) 

inara no3imHOHHpoBaHHa) He 6ojiee 5 hm. 3thm oSecneHHBaercH aocncKeHHe 
npwinpnmnbKo hobhx lexHononHecKHX bcbmo^khoctch b o6jiacm 
MHKpoaneicipoHHKH, oirnraecKoro npnSopocTpoeHHa, irpeijroHOHHoro 
MamHHOCTpoeHHK n T.n. OieflOBaTejibHO, 3aaBJieHHoe TexmraecKoe peineime 

M0EC6T CTaXB OCHOBOH flJIfl C03flaHHa HOBOrO nOKOJieHHfl 
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cynepnpeqmHOHHoro o6opyflOBaHHJi pjvl TexHOJioraraecKHX npoijeccoB 
pe3aHH«, ipaBHpoBaHHH, <])pe3epoBaHHH H T -£-> a T3K»ce o6opyAOBaHiw ajih 

^OTOJIHTOipa^OTeCKHX H peHlTeHOJIHrOrpa<J)IMeCKHX KOMIIJieKCOB 

Hcnojn^yeMHx b MHKpCGJieKipoHHOH h nonHipa^HHecKOH npoMBmuieHHOcra. 

Hcnojn>30BaHHe HaHono3HUHOHepa Moacer CTaxt ochoboh wia pa3BPmra 
HOBoro noKOJiemifl npeujQHOHHBix craHKOB pfl% TexHOJioraraecKHX 
npoi^eccoB pe3KH, rpaBHpoBaHHa, (JjpesepoBaHHfl H a raK^ce ctojiob 
no3HUHOHHpoBaHH)i b CBepxTOHHBix 4)OT6rpaMMeipOTecKHx ycraHOBKax, B 
rojiorpacj)OTecKHx ycraHOBKax hobopo noKOJiemw, b flejnrrenBHBix Mannmax 
WW irpoH3Bo^cTBa ^H(j)paKi5iOHHBix pemeroK c KOJnnecxBOM nrrpHXOB 
npeBBimaioiipiM 3Ha^eHHe 1 0 4 mm" 1 , b KOMnneiecax <j)OTo - h 
peHrreHOjnrroipa^HH, a xaioKe CMoryr ik>3bojiht& paflmcajiLHO noBBicim> 
creneHt HHreipaipoi ajieMemoB (b t.h. <<HHT1>>ob), HanpHMep, b 
MHKponpouteccopax. , 
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OopMyjia n3o6pereima 

1. HaHOMexpHHecKoe nosHD^OHHpyioiijee ycrpoiicrBO, co#ep}Kamee 
HenoflBHacHHH 6a30BbiS 3JieMeirr Ha kotopom ycraHOBJieHa c bo3M03Khoctbk> 

5 B03BpaTHO-ncxriynaTejiBHoro nepeMemeHHa oTHOcirreJiBHo 6a30Boro 
aJieMenra cryneHB rpy6oro no3HUHOHHpoBanH5i 5 Ha nocjieflHefi ycraHOBJieHa 
c bo3Moechoctbk> B03BparHO-nocrynaTejiLHOiT> nepeMenjeHHfl othochtcjibho 
cryneHH rpy6oro no3HHHOHHpoBaHHH cryneHB tohhoto no3HDjioHnpoBaHK5i 
c ycraHOBOHHtiM 3JieMeHTOM, cryneHB rpySoro no3HUjiOHHpoBaHHa 

10 KHHeManrcecKH CBJBaHa c 6a30BBiM sjicmchtom h cryneHBio tohhopo 
no3mpioHnpoBaHEW c bo3mo>khoctlk) oSecneneiiHH nepeMemeHHa o6enx 
cryneneH oraocmenBHO 6a30Boro sjieuema, a KHHeMaxHwecKaa cbjbb 
ynoNDmyiBrx: ciyneHeM no3KUHOHHpOBaHH5i Me^ny co6oh ocymecrBJieHa c 
bo3mohchoctbk) asTOHOMHoro nepeMenjeHHa ycraHOBOHHoro aJieMema 

15 cryneHH tohhoto no3HUjiOHHpoBaHHH othochtcjibho cryneHH rpy6oro 
no3HnpoHHpoBaHHfl h, cootbctctbchho, 6a30Boro aJieMenra, npn otom crynemi 
rpy6oro h tohhoto nosH^OHHpoBaHHa ycraHOBJieHBi c bobmobhoctbio 
ynoMflnyroro nepeMeiipaHfl: no jjjsyu ochm KOOpflHHar, cryneHB rpySoro 

n03HUHOHHpOBaHHfl BBHIOJIHeHa B BH#e )KeCTKOH OnopHOfi nJIHTBI, Ha 
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KoropoH ^ceciKo 3aKpenneHa np^Moyrojn>Haa paMKa, BHyrpn KoropoH 
pacnojio^ceH ycraHOBOHHtifi 3jicmcht cryneHH tohhopo no3HujiOHHpoBaHHH, 
HMeiomero bo3mo^choctl nepeMemeraa h <|>HKcaiipH b 3aflaHHOM nojKxaeeHHH 
nocpeflCTBOM nonapHO ycraHOBJieHHtix Ha Kaagapfi cropoHe np^vioyrojiBHOH 

5 paMKH ciyneim rpy6oro no3HHHOHHpoBaHH5i ncopmHOHnpyiomHx ajieMeHTOB 
HaHOMerpHHecKoro ,njiana30Ha, npmeM cryneHB rpyGoro nosHUjiOHHpoBaHBW 
BunojiHeHa o6ecneHHBaiom;eH 3a^aHHoe nepeMemeHHe c norpemHocraMH 
MeHtniHMH, hzm flHana30H nepeMemeHHa cryneHH tohhoto no3Hi^OHHpoBaHH5i 
no KaayipH H3 flByx ynoMSHyrLix ocefi Koop^HHaT. 

10 2. HaHOMerpHraecKoe no3HUHOHHpyiomee ycrpOHCTBo no n. 1, 

cranraaiomeeca tcm, hto no3HUHOHHpyioinjie 3JieMeHTbi HaHOMerpHHecKoro 
,miana30Ha cryneHH tohhok) no3HEtHOHHpoBaHHfl BLinojiHeHLi b BH#e 
MannrrcxnpHKD[HOHHBix npeo6pa30BaTeneii, cpe#crBa co3flaHHH h H3MeHemiK 
napaMerpoB MaraHTHoro nojia KoropBix BtmonHeHbi b Buzje nocroHHHtix 

15 MaTHHTOB. 

3. HaHOMerpHnecKoe no3HimoHHpyiomee ycrpoHCTBO no n. n. 1 hjih 2, 
OTJinqaiomeecH TeM 3 ^rro KHHeManreecKaa cbjob cryneHH rpy6oro 
no3HHHOHHpoBaHHK c 6a30BBiM 3JieMeHT0M BbmojiHeHa b BH#e, no MeHLinen 
Mepe, jxpyx npei^DHOHHtix jthhchhhx flBurarejieii, pacnojio^ceHHLix Ha 
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6a30BOM 3JieMeirre c bo3mo>khoctbk> nepeMememra ^ceancoH onopHOH ruurrti 
ciyneHH rpyGoro no3HHHOHHpoBaHH£ sppuh cooTBercTByKOTjix oceH 

KOOp.ZPfflaT. 

4. HaHOMerpHqecKoe no3HHHOHnpyiomee ycTpoiicTBo no n. 3, 
5 OTjnmiomeecH TeM, hto oho CHaS^ceHO cpeflciBaMH, oSecnenHBaiomfiMH 

nepeMemeHHe ^cecncon onopHOH iuihtli crynemi rpySoro 
no3HUjiOHHpoBaHHH Ha B03AynmoH no^ziyiiiKe. 

5. HaHOMeTpmecKoe nosHnpoHHpyiomee ycipoHCTBO no jno6oMy H3 n. 
n. 1 - 4, OTjnnaiomeecH TeM, mo 6a30Bi»iH sjicmcht CHa6)KeH cpe^crBaMH 

10 (^HKcanHH ciyneHH rpyGoro no3HUjiOHHpOBaHHfl 3 BtmojiHeHHBiMH b BHfle 
chctcmli BaKyyMHoro npacoca. 

6. HaHOMerpHHecKoe no3HujioHHpyK)iE[ee ycrponcTBO no Jno6oMy H3 n. 
n. 1 - 5, oTjnraaioiijeeai tcm, hto oho cHaGaceHO iBMepirrejn>HOH chctcmoh 
KompojiH nojio)KeHHa no3HUjiOHHpyeMoro o&beicra, BKjnonaiorqeH, no 

15 MCHtineH Mepe, Tpn KOHipojiBHO-H3MepHTejn>HBix cpeflCTBa c tohhoctbio 
H3MepeHHfl He wme tohhocth no3fflijJOHHpoBaHHa ynoMHHyrtix 
ncGHHHOHBpyionipx OTeMenroB HaHOMerpmecKoro flHana3ona ciyneeH 

TOHHOrO n03HUfIOHHpOBaHHH, UpH 3TOM OflHO H3 ynOMHHyTBDC H3MepHTeJIBHBIX 

cpe,zi;cTB pa3Mem;eHO c bo3MO)khoctmo ocynjecrBJiemiH raiHeimoro Kompojia 
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noJioKemui no3Hii#OHHpyeMoro oSteicra no oahoh H3 oceii Koopzjjffiar, a 
ocrajiLHBie - c bo3mo:>khoctbio ocymeciBneHna JiHHeHHO-nojiflpHoro kohtpojkc, 
oraocHrejibHO flpyrofi oproroHajiLHOH BBnneynoMHHyroH och KOopflHHax b 
idiockocth 6a30Boro 3JieMeHm 
5 7. HaHOMerpmecKoe no3EaqHOHHpyiomee ycrpoiicTBO no n. 6, 

OTJnraaion^eecK tcm, hto oho cHa6»ceHO chctcmoh ynpaBJiemiH 
no3HUpoHHpyK)E^HMH 3JieMeHTaMH, o6ecneHHBaK)npiMH nepeMememie 
ycxaHOBOHHoro sneMeirra cryneHH tohhoix) no3nnjioHHpoBaHH5i Ha 3aAaHHoe 

paCCTO^HHe, CBH33HHOH C K3MCpHTCJH>HOH CHCTCMOH KOHipOJDI nOJIO^CeHHfl 

10 no3BHHOHHpycMoro oGseicra 

8. HaHOMerpOTecKoe no3HupoHHpyioiij;ee ycrpoHCTBO no n. n. 6 mm 7, 
OTJnrcaiomeecfl tcm 5 hto KOHTpojn>HO-H3MepmejiLHBie cpe/jCTBa 
H3MepHTejn>HOH chctcmoh KompojiH nojTCOKeHHJi no3nnjiOHHpyeMoro oGbeicia 
BBmonHeHBi b BHfle Jia3epHbix re^poflHHHBix HHrep^epoMerpoB h/hjih 

15 eMKOCTHBix flaiHHKOB ^eBHauHH nojioacemifl cryneHen otho chtcjibho 
nnocKoora 6a30Boix> ajieMema. 
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G01B 3/00, 3/18 



JJpynui npoBepeHHM AOKyMeHTauwi b toH Mepe, b Kanoii ohb BKJnoneHa b noHCKOBbie no,a6opKH: 



SjieicrpoHHafl 6a3aAaHHbK, Hcnojib30BaBUiaaca npn noHCKe (Ha3BaHHe 6a3bi h, ccjih, bo3moxcho, iiohckobbic xepMUHti)* 



C. flOKYMEHTbl, CHHTMOIIglEC^ PEJIEBAHTHLIMH: 



KaTeropaa* Cceijikh Ha ^oKyMeHTU c yKa3aHHeM, rae 3tq bo3MQ3kho, pejieBaurHBix qacxeft 



OTHOCHTCfl k nyHicry Xg 
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RU 2065245 CI (THTTHCEB CEPFEft JDCOBJIEBHH) 10. 08. 1996 

US 4422002 (INTERNATIONAL BUSINESS MACHINES 
CORPORATION) Dec. 20, 1983 

DE 4226072 Al (YANAGISAWA, KEN) 11. 02. 1993 

EP 0899058 A2 (ROBERT BOSCH GMBH) 03. 03. 1999 
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— hocneflyfomHe noKyMetrrhi yKrcaHLi b npofloroKemiH rpa^a C. 



Q 



LoaHHue o naTCHTax-aHanorax YKa3aHbi b 



yKa3aHbi b npHJioaceHHH 



♦ Oco6we icrreropHH cchtiohhhx AOxyMeHTOB: 

A ao Ky mm rr, onpeaejmioiuHtt o6iuhh ypoBeub tcxhhkh 

E 6oJiee paHHHfl AQKyMenT, ho ony6flHKOBaHHw3 Ha Aary 

MCMcayHapoiiHOH noaaiH iuih nocne hcc 
O AOKyMeHT, oTHocamnfica k ycrooMy pacxpLrrmo, 3Kcnomi- 
posaHitio h t.a. 

P aoicyMeHT, ony6jiHKoaaHHMH no AaiH Me*AyHapoAHoH no- 
AaHH, ho nocjie aotu iicnpauiHBacMoro npHopHTcra 

HT.A. 



T 6onee no3AHHfi AOKyMenr, onyoAHKOBanHuft nocne abtm 
npHopRTCTa h npiiBeACHHHfl aim noHiiMaHHa H33o6perenHa 

X AOKyMeHT, HMdomafl HaH&uiee finmicoe DTHomeHiie k npeAMery 
noHCKa, nopcmnnitt HOBHSHy h H3o6peTareju»cKHfi ypoBCHt 

Y AOKyMeHT, nopoHamafl H3o6peiaTenfccicHft ypoBeia b cowe- 

TaHRH C OAHHM HAH HeCKOAbKHMH AOKyMeHTBMH TOft «6 

KareropHH 

& AOKyMeHT, HBAflJOmilfiCH fiaxeHTOM-aHaJIOrOM 



flara AeficTBHTejibHoro 3aBcpmeHHA MeaujyHapo;moro 
noHCKa: 21 oicrfl6pa 2003 (21. 10. 2003) 



flara ompaBKH Hacroflmero oTHera o MeawyHapojmoM 
06 Hoa6pa 2003 (06. 11. 2003) 



HaHMeHOBaHHe h aopec MejimyHapoworo noHCKOBoro oprana 
OeaepajibHbrti HHCTHTyr npoMbiuiJieHHOtt 

COQCTBeHHOCTH 

PO,123995, MocKBa, T-59, rCII-5, BepesKKOBCicaw Ha6., 
30,1 0>aicc: 243-3337, Tejiexafin: 114818 nOflAHA 



YnojiHOMOHeHHoe xnmo: 
T. Hafi^eHOBa 
TejieaoH^s 240-25-91 



OopMa PCT/ISA/210 (BTopofi jmcT)(inojib 1998) 



